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INTRODUCTION
The phenomenon called photoreactivation (PR) was
first described conprehensively by Kelner (1949).

He

found that the proportion of Streptomyces griseus conidia
surviving ultraviolet (UV) irradiation was greater upon
exposure to visible light than when kept in darkness.
Since Kelner’s classical work, it has been shown that
the site of PR is the nucleic acid (dagger, 195Ô), notably
the DNA.

The mechanism of PR of the RNA molecule in

organisms and viruses is not fully confirmed and the inter
pretations are based upon somewhat less convincing evidence.
Where PR of RNA appears likely, the mechanism is still
obscure.
The PR of plant viruses was chosen as a subject of
study because of:
(a)

my interest in plant virology

(b)

the ease of "purifying" plant viruses

(c)

the insufficient reports available on the effects
of PR on the RNA molecule
Several pertinent deficiencies exist in our under

standing of the mechanism of plant virus PR.

These defi

ciencies must be filled before the mechanism can be
compared with the PR of organisms, bacteriophage and the
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transforming principle.
Some of the deficiencies in plant virus PR requiring
relatively uncomplicated experimental technique and data
interpretation have been brought under investigation and
are described as follows:
(a)

To determine whether the temperature coefficient
(Qi q ) of plant virus indicates the involvement of
an enzymatic sequence in the process.
The experiments included the clover yellow
mosaic virus (CYMV) in Gomphrena globosa L.

(b)

PR of TMV-RNA in Vitro.

The action spectrum for

PR of transforming principle using yeast enzyme is
similar to the absorption spectrum of cytochrome C
(A. Muhammed, 1966).

It would appear to be a

worthwhile compound to test to determine whether
it can act similarly as a photoreactivating enzyme.
Moreover, cytochrome C is readily available in
purified form and its basic character should make
it an excellent complexer with infectious nucleic
acid.
(c)

Rendering intact TMV photo^eactivable
Ordinarily TMV is considered non-photoreactivable
although the free infectious nucleic acid (NA) of TMV
is photoreactivable.

It appears that the nature of

the bond between the protein and nucleic acid is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

such as to protect the nucleic acid against photo
reactivable damage by UV light in intact TMV
(Bawden, 1964)» We have studied the effect of low
temperature, urea and high pH near the inactivation
point which might affect such bonds, on PR of TMV.
(i) Lauffer,

al., (195Ô), has shown that

decreasing temperature below 25°C, causes a
depolymerization of the isolated protein of
TMV into its constituent subunits.

Although

this has not been demonstrated for intact
viruses, the same forces should be operative
in this case.

The low temperature during irra

diation was maintained with the hope that a
tendency towards depolymerization of protein
would be reflected in a weakening of the proteinNA bond,
(ii)

Bawden and Pirie (1940) have shown that urea
inactivates TMV.

The inactivation of purified

tobacco mosaic virus proceeds

slowly and is

accompanied by the separation

of nucleic acid

and protein.
included.

For this reason, urea has been

It has been used in our studies in

anticipation of a loosening of the nucleic
acid bond.
(iii)

Some literature indicated that virus disruption
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4.

can occur as a result of alkali treatment
(Schramm, et. al., 1955; Fraenkel Conrat and
Williams, 1955).

Consequently highly

alkaline solutions have also been added in
our study in an attempt to loosen the proteinnucleic acid bond.
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MATERIALS AND METHODS

Virus cultures of tobacco mosaic virus (TMV)
strain U=1 were built up in Nicotiana tacabum L, cultivar
Turkish, and clover yellow mosaic virus (CYMV) in
Pisum sativum L. cultivar Little Marvel.

Local lesion

assays were done with TMV and TMV-RNA on Nicotiana glutinosa
L . and with CYMV on Gomphrena globosa L,

Electron micro

scopy was used to confirm the identification of the viruses.
All the experiments with CYMV were done with the
clarified sap after centrifugation at 10,000 rpm in a
Spinco Ultracentrifuge model L with a number 40 rotor.

CYMV

was clarified by a modification of the Agrawal, e^, al.,
(1962) method.

One gram of frozen leaves of peas (Pisum

sativum) systematically infected with CYMV was ground in
a blender per 1 ml. of 0.1

M pH 7 phosphate buffer.

The

homogenate was strained through 4 pieces of cheese cloth.
The liquid was then centrifuged at 6,000 rpm for 20 minutes
and the supernatant was centrifuged again at 10,000 rpm for
20 minutes.

The supernatant was stored and frozen in vials.

One ml aliquot samples were thawed and diluted to 1:1000
with distilled water.
All but two pairs of the upper leaves of G. globosa L
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seedlings were removed 24 hours prior to inoculation.
These plants were then retained in the dark.

Only the two

upper almost fully expanded leaves on a plant were inoculated
with CYMV,

One leaf of each pair was covered with aluminum

foil immediately after inoculation and the plants were then
placed under the light in the control room.
removed 24 hours later.

The foil was

The plants were then brought into

the greenhouse where lesions were counted, seven days after
inoculation.

Temperature coefficient of PR of CYMV was done

at 15.5°C., 18.3°C., 21.5°C., and 26.6°C.
The experiments with TMV-Ul were done with purified
TMV diluted in distilled water to give a final concentration
of 40 mg/ml.

Purification of TMV was done by Knight’s (1963)

procedure of differential centrifugation.

The virus was

extracted with phosphate, sodium pyrophosphate, and disodium
ethylene-diamine tetracetate (EDTA) buffers separately.

The

three preparations were tested on N, glutinosa. The different
buffers did not affect the infectivity, although a higher
yield of RNA was obtained with the virus preparations
extracted with EDTA buffer.

All the TMV experiments were

done with the virus extracted with phosphate buffer {PO^},
N. glutinosa seedlings in the 5-6 leaf stafe were
decapitated at least 48 hours prior to inoculation.
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Older

7.

plants were kept in the dark for 24 hours before inoculation,
Young succulent plants were used without the predarkening
treatment for the TMV experiments.

However, young plants

used for TMV-RNA experiments were kept in the dark for

24 hours before they were inoculated (Bawden, 1961).
TMV-RNA was made by a modification of the Gierer and
Schramm (1956} phenol method as follows:
(1)

25 mg/ml of purified TMV (U-1) in distilled water
was mixed with 1 ml of 0.1 M NaEDTA buffer pH 7.2

(2)

An equal volume of water-saturated phenol was added
to the virus and the mixture shaken for 8-10 minutes
in a test tube with rubber stopper.

The tube was

dipped in ice in a beaker occasionally to keep it
cold.
(3)

The mixture was then centrifuged 3 to 4 minutes at

3000 rpm and the upper layer containing the RNA was
withdrawn without touching the interphase layer.
(4)

Steps 2 and 3 were repeated once more.

(5)

Cold 95^ ethanol was poured into a beaker about
2& volumes to the total aqueous RNA extract.

(6)

One drop of 3M sodium acetate buffer (pH 4-5 to

4 .7 ) was added with stirring per ml of RNA extract.
This mixture was allowed to stand for three hours
or more.
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Ôf

(7)

The mixture was then centrifuged at 3000 rpm for
3 to 4 minutes.

The supernatant was drawn off and

discarded and the inner wall of the tube was carefullywiped to remove excess liquid.
(Ô)

The precipitate of RNA was dissolved in 0.1 M of
pH 7.2 phosphate (PO^) buffer or 0.01 M PO^ buffer
pH 7.0.

(9)

The absorbance of the RNA was determined for the
spectral region from 230 mu to 300 mu in a Beckman
DU-2 spectrophotometer.

The ratio of absorbance,

260 mu/230 mu for the preparations varied from

2.6 - 3 .1 .

The RNA was stored and frozen in vials.

One ml

aliquots were thawed and diluted with distilled water to a
concentration of 4 mg/ml.
Irradiations were done by means of a "Mineralight"
AW lamp (UV Products, San Gabriel, California) with approxi
mately 055^ of its energy output at 2537 A.

For irradiation

5 ml. of the virus suspension was placed in a Syracuse watch
glass one cm. deep and 5 cm. in diameter.

The distance

between the surface of the lamp and the base of the dish was

6,5 cm.

The dish was rocked gently during irradiation for

uniform exposure.
After irradiation celite (15 mg/ml of the inoculum)
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was added as an abrasive to the virus suspension.

The

inoculum was applied with a sintered glass paddle.
Red light was used at the time of inoculation as a
"safe light" (Chessin, 1959).

The inoculated plants were

kept in an environmentally controlled room for 24 hours
and either exposed directly to a constant illumination of
600 footcandles from cool white fluorescent tubes or
placed immediately in the dark for 24 hours before being
illuminated.

After 24 hours all plants were brought into the

greenhouse where the minimum day temperature was 75°F. and
65°F. at night.
Photoreactivation was calculated by plotting the log
of surviving virus separately for both light and dark treat
ments against UV dose.

The best straight lines for dark

and light were determined by the least squares method.

The

ratio of the inverse slopes for Light/Dark gave the measure
of PR,
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RESULTS

I.

Q^Q Experiments
Results of these experiments are shown in

Table I.

Table I :

PR of CYMV at various temperatures

Number of
Experiments

^
Temperatures 0

PR

1

15.5

1.67

2

18.3

1.6 0

18.3

1.3 0

21.5

1.30

21.5

1.40

21.5

1.50

26.6

1.10

26.6

1 .2 0

26.6

1.60

3

3
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The results indicate that the PR of CYMV is not
temperature dependent.

Either the mechanism of plant virus

PR is different from that of other systems, or some factor
other than temperature (e.g., light intensity) might have
been limiting PR under our experimental conditions.

II.

PR of TMV-RNA
Results for experiments performed below are shown

in Table II.

Table II:

PR of TMV-RNA

Number of Experiments

PR

5

0.95

0,91
1.09

1.40
1.40

The purpose of doing the PR of TMV-RNA experiment was
to test cytochrome 0 as a possible in vitro photoreactivator
for PR when complexed with RNA.

The highest value of PR of
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TMV-RNA was 1.4 in my experiments, compared to 2,0 reported
by Bawden (1969).

It did not seem advisable, therefore, to

continue the investigation with cytochrome C system.

III.

Attempts to Render Intact TMV Photoreactivable
A . Urea
1.

Preliminary experiments
a.

Urea without virus
Some preliminary experiments were done

with the following concentrations of urea;
6M, 4M, and 2M.

lOM, SM,

The purpose of these experiments was

to determine how high a concentration of urea the
plants can tolerate.
The urea (Baker analytical reagent)
solution was rubbed on the leaves of N. glutinosa.
The leaves were rinsed after rubbing and observed after
three days.

The results of these experiments are

shown in Table III, which shows the effect of urea
concentration of leaf damage.
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Table III;

Concentration of urea

b.

Approximate percentage
of leaf area
damaged

10 M

100

8 M

90

6 M

50

4 M

20

2 M

0

The effect of urea concentration on infection
by virus
4M and 2M urea were mixed with virus and the mixture

was used as inoculum.

The inoculum was rubbed on the

leaves in the usual way.

The leaves were rinsed after

inoculation and lesions counted after four days.
Results :
There was some damage with 4M urea although the
lesions were countable.

This concentration also

reduced viral lesions more than 2M urea.
Local lesions of virus origin tended to spread more
with urea in the inoculum than where no urea was used.
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However, the dark lesion centres made it possible to
distinguish one lesion from another.

0. Urea and virus rubbed separately
This section of the experiment was conducted to
determine whether urea was reducing lesion counts by
affecting the virus, or the susceptibility of the host
to virus infection.

{Application of urea was

separated from that of virus.)
Results :
Urea increased the susceptibility of the host when
applied before the virus.

It reduced the infection by

virus when applied after inoculation.

However considera

bly less inhibition resulted than, that obtained when
urea, was mixed with virus before inoculation.

Thesé

resuits indicate that the chief effect of urea in
the mixtures was directly on the virus rather than on
the host susceptibility.

2.

PR experiments
On the basis of these preliminary experiments 2M
urea was chosen as the probable threshold concentration
for plant damage.
irradiation.

The virus was mixed with urea before

The mixture (inoculum) was irradiated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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for three minutes.

The inoculum was applied on Ô

leaves per treatment. The leaves were rinsed after
inoculation.
Results :
a.

PR
The results of Experiment I where 2M urea

was used indicated some possible PR because of the
L/d ratio of 2.23-

However, when the results were

statistically analyzed by the t test, the value of
2.23 did not differ significantly from 1.0.
b.

Inhibition of infectivity by urea
As noted in the preliminary experiments, urea

reduced the infectivity of the virus regardless of
whether plants were kept in the light or in the dark.
Results of these experiments are given in Tables IV
and V.

These indicate some possible PR of TMV by

urea.
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Table IV: The effect of 2M urea on PR
Light
UV
Total Number
of Lesions

2M

1411.00

831.00

176.00

10 3.00

Average Number
of Lesions
per leaf

2M+UV

569.00 . 1 3 0 . 0 0

71.12

16.25

Dark
Total Number
of Lesions
Average Number
of Lesions
per leaf

1157.00

521.00

478.00

49.00

144.00

65.12

58.87

6.12

C = control
UV = control + UV
2M = 2M urea
2M+UV - 2M urea + UV

Survival Ratio (Irrad/Control)
L/D

L

D

C

0.588

0.450

1.30

2M

0.228

0.102

2.23

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

17,

Table V:

The Effect of 4M Urea on PR
Light

Total Number
of Lesions

C

UV

4M

4M+UV

953.00

537.00

264.00

63.00

Average Number
of Lesions
per Leaf

119.12

67.12

33.00

7.87

Dark
Total Number
of Lesions
Average Number
of Lesions
per Leaf

494.00

206.00

78.00

38.00

61.75

25.75

9.5

4.75

Survival Ratio (irrad/control)
l /d

L

D

OM

0.563

0.415

1.35

4M

0.256

0.500

0.512

A ratio of L/D significantly
ratio significantly

1 indicates PR, while a

1 indicates photoinhibition (PI).

This

is in place of our previous method for determining PR since
only two points were available for a determination.
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B . Low Temperature
The virus was irradiated at 6°C. in a cold room
for three minutes.

The temperature of the inoculum was

brought up to room temperature (18°C, - 21°C.) before
inoculation.

The inoculum was applied on eight leaves

per treatment.
The results are shown in Tables VI and VII.
The results of Experiments 1, 3, 5, 6, and 7 indicated
some possible PR in low temperature because of high L/D
ratios.

However, when the results were analyzed by the

t test and the chi-square method, the ratios of L/D
did not differ significantly from 1.0 except for Experiment
Six,

When the t test was used, the confidence level was

greater than 99%.

From Table I comparing columns 3 vs. 5,

and 8 v s . 10, it also appeared that low temperatures protected
the virus from UV damage both in light and in the dark.
This was analyzed by the chi-square test.

When light and

dark experiments were analyzed seprately, the confidence
level was greater than 90%, and when light and dark data
were pooled, the level of confidence was greater than 99%.
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CD
■D

0
Q.

1

Table VI:

The Effect of Low Temperatures on Photoreactivation

■o
CD

1-

(/)
o'
3
2,

Experiment

Number of
Leaves

Room
Temp.

CD

8

2*

3

4-

5

loom R.T.+UV Low L.T.+UV
Temp. R . T .
Temp.
R.T.
+ UV

6*

7-

R.T.

R.T.
+UV

8

10

R.T.+UV
R.T.

L.T. L.T.+UV
+UV
R.T.

cq'

3
i
3

Prelim.

16

277

49

.176

95

.342

180

48

.266

64

.355

1

8

231

12

.052

49

.212

211

26

.126

70

.327

2

8

430

82

.191

164

.381

268

38

.14 2

106

.396

3

16

234

7

.029

10

.042

106

2

.019

3

.028

4

16

196

36

.184

17

.086

112

7

,062

9

.08 0

5

16

279

45

.161

158

.56 8

156

36

.023

98

.6 2 8

6

16

253

62

.246

150

.594

57

13

.28 8

12

.211

7

16

278

51

.184

100

.360

221

28

.126

39

.176

CD

C
3
.
3
"

CD

3
~o

I
C
a

o
3
■o
o

&
o

c
%
C/)

Ç2
o'
3

^Average number of lesions/leaf

7J
CD

■D
O
Q.
C

g
Q.

Table VII:
— — -

"D

Virus Survival =

Lesions on Irradiated Leaves
Lesions on Control Leaves

^
xuu/o

CD

cn

(/)

8

Number of
Experiment

Room Temperature (1&^C.-20^C.)

Low Temperature (6^G.)

CD

T
l
C
3
.
3

Light

Dark

l /d

Light

Dark

l /d

1

5.2

12.3

0.42

21.2

33.0

0.64

2

19.0

14.0

1.30

38.1

39.3

0.97

3

2.g

2.0

1.40

4.3

2.3

2.00

O
c

4

8.3

7.4

1.10

8.6

8.3

1.00

(/)
o'
3

5

16.1

23.0

0,70

56.6

62.8

0.90

6

24,5

22.8

1.07

59.2

21.0

2.80

7

18.3

12.6

1.40

35.9

17.6

2.00

"

CD

3
O
Q.

■o
C

a

o
=5
■o
o
CD

O.
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C c High pH
The virus was kept in the particular pH for half
an hour and then irradiated fo4 three minutes.

The

following experiments were done on a half leaf basis.
The results are shown in Tables VIII, IX, and X.
The effect of pH on survival of irradiated virus is also
indicated.

Table VIII:
pH
Total Number
of Lesions

Light
9.5

7.0

7+UV

a.o

8+UV

9 .0

9+UV

9.5

+ UV

119

15

131

37

96

12

19

4

5 .4 1 10.91

3 .0 8

8.0

1.0

1 .5 8

0 .33

Ave, Number
of Lesions
per Leaf
(24 leaves) 9 . 9 1

Dark
pH
Total Number
of Lesions

7 .0

7+UV

a.o

8+UV

9 .0

9+UV

9.5

9.5
+ UV

257

135

3 37

104

153

38

155

44

3.16 1 2 . 7 1

3.66

A1/p - Ml]milAT*
of Lesions
per Leaf
(24 leaves) 21.91 1 1 . 2 5 2 8 . 0 8

8,66 1 2 . 7 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22,

Survival Ratio (irrad/control)

pH

D

l /d

Level of
Significance of
+PR or

7.0

54

52

1.01

+0

8.0

28

31

0.93

-90

9 .0

12

25

0,40

-60

9.5

21

28

0.74

-9 9 .9

PI = Photoinhibition

Table IX:
Light
7.0

7+UV

8 .0

8+UV

8,5

8.5
+ UV

9.0

9+UV

Total Number
of Lesions 7 . 1 6

313

839

161

739

102

730

22

pH

Average No.
of Lesions
per Leaf
(12 leaves) 119.33 52.16 1 3 9 . 8 3 2 6 . 8 3 123.16 17.0 1 2 1 . 6 6 3.66
Dark
8.5

pH
Total Number
of Lesions

7.0

7+UV

739

298

8.0
872 \

\
2.33

9.0

9+UV

280 \ 701 \ 232 \ 906

\lll

8+UV

8.5

\

+ UV

\

\

\

49.66 1 4 5 . 3 3 \ 46.66 \ll6.83\38.66\i5i.66\ l 8.50
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Survival Ratio

L

(irrad/control)

D

L/D

Level of
Significance
+PR or -PI*

pH 7.0

43.7

40,6

1.0

- 0^

pH 8.0

19.1

32,1

0.59

- (90^

pH

13.8

33.0

0.41

- <95^

3.0

12.2

0,24

- (909^

pH 9.0

PI = Photoinhibition

Table X:
Dark
pH
Total no,
of Lesions
Ave, no,
of Lesions
per Leaf
(8 leaves)

8.5

8.5
+ UV

9.0

9+UV

9.5

9.5
+ UV

339

70

292

51

246

26

79.25 43.75 84.75 17.50 73.00 12.75 61,50

6.50

7.0

7+UV

317

175

Light
pH

7.0

7+UV

8.5

8.5
+ UV

9.0

9+UV

9.5

9.5
+ UV

431

313

422

86

302

107

300

38

75.5 26.75

75.0

9.50

Total no
Ave. no,
of Lesions
107.75 78.25 105.5 21.50
leaves )'
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Virus Survival

^

D

Percentage

l /d

Level of
Significance
+PH or -PI

pH 7 . 0

72.0

55.2

I .3

+ 60/0

pH 8 . 5

20.3

23.5

0.865

+ 80 #

pH 9 . 0

32.1

17.5

1.83

+ 70#

pH 9.5

12.2

10.5

1.15

+ 70#

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

25

DISCUSSION

I.

Q^o

PR of CYMV

It appeared from the results that PR of TYMV is
not temperature dependent , indicating no involvement
of an enzyme.

The

of PR of Potato virus "x" based

upon only 2 temperatures was 1.57 (Mukherjee and Chessin,

1967) . This is close to that found for some strains and
a transforming principle of E. coli {dagger, 195Ô), which
indicates a chemical step in PR of these various systems.
Other Qj_q’s of PR have been reported to fall between 2
and 2.5 (Bacter,, Rev. 22:99, 195#).

The mechanism of PR

of CYMV may be different from that of other systems
studied.
It is possible that some factor other than temperature,
such as light intensity, was limiting PR under our experi
mental conditions.

The light intensity of 6OO f.c. gave

complete PR of some plant viruses (Bawden and Kleczkowski,
1955).

The effects of different regions of the visible
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spectrum on PR of plant viruses have only been tested
for Potato virus '"x".

The PR of this virus occurred only

in the blue violet region of the visible spectrum (Chessin,
195S) which agrees with other findings on PR of other
systems.

On this basis we used red light as a "safe

light".

Possibly the action spectrum of PR for GYM?

in G, globosa is different from that for PVX.
The mechanism of PR of CYMV may be "indirect",
not mediated by photo-enzyme, nor showing much dependence
on temperature.

The reactions may be photochemical rather

than enzymatic similar to that described as "photo
protection" (PP) (dagger and Stafford, 196?).

It might

be worthwhile to test whether the mechanism of PR in CYMV
is similar to photoprotection or not.

Photoprotection is

optimum at 3341 A (dagger and Stafford, 1967).
sources gave a small output in that region.

Our light

There is a

possibility that PP could take place, particularly since
PP can also occur after UV irradiation,
II.

PR in

Vitro

The action spectrum of PR is similar to the
absorption spectrum of cytochrome C (Muhammed, 1966).
This was the reason for choosing cytochrome C as a
possible photoreactivator when complexed with TMV-RNA.
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However, a research report recently came to my attention
which is based on the photoreactivating activity of cyto
chrome b 2 « Durine and Brances (1966) concluded that
cytochrome b^ has photoreactivating activity although
Setlow's (1967) research did not give any evidence of
the photoreactivating activity of cytochrome bg.
Therefore it would still be worthwhile to test the
photoreactivating activity of cytochrome C if we get
high PR with TMV-RNA.

The highest PR of TMV-RNA in my

experiment was 1.4, which is Icwsr in comparison with
Bawden’s (1964) report of 2.0,

I did not consider it

advisable to start the in vitro experiment with TMV-RNA
which gives such low PR value.
If cytochrome C acts as a possible photoenzyme
in vitro it will help to explain the mechanism of PR in the
RNA system,
III.
The attempts to render intact TMV photoreactivable
by different "bond loosening" agents were partially
successful, particularly in the urea and low temperature
experiments.
Some possible indication of PR was observed judging
from the results of urea Experiment #1, in which 2M urea was
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used»

The L/d ratio 2.23 however did not differ signifi

cantly from 1.0 when the t test was used.

It might

still be worth repeating these experiments on a somewhat
larger scale.

It is also possible that a longer time

of association between urea and virus, before inoculation,
might increase "bond loosening” without giving an
excessive amount of inactivation.
Most of the experiments done under low temperature
conditions showed possible PR judging from the higher L/D
ratios as compared to the room temperature experiments.
However, only in Experiment 6 was the L/D ratio at low
temperature significantly greater than that in room
temperature when the t test was used.

It would seem

worthwhile to repeat these experiments again at even
lower temperature than 6 C, on a somewhat larger scale.
Low temperature apparently protected the virus from
UV damage both in light and in dark.

This was statisti

cally significant when the chi-square test was used.

This

phenomenon has not been repcrted before and is at
variance with dagger’s statement (195^) that in common with
other photochemical phenomena, biological UV damage is not
temperature dependent although PR is.
Virus consistently showed photoinhibition (PI)
I'm high pH when analyzed statistically by the t test.
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is a phenomenon in which the survival of irradiated virus
is greater when inoculated plants are placed in the dark
as compared to those in the light.
This effect of high pH has not been reported before,
to my knowledge.

It would seem worth repeating the

experiments, especially at the pH 9.5 where PI was
greatest.

Since there was no PR in the TMV-N. glutinosa

system, this should make the study of PI less complicated.
The effects of various treatments on PI could be studied,
including temperature, light intensity, and quality.

This

information might be helpful in comparing PI to PR and PP.
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